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CHAPTER I 
INTRODUCTION 
Transistors with current gains of 1 , 000 to 10,000 at collector 
current levels as low as 1 µA can now be made in discrete and in · 
monolithic form. These devices are generally called super-beta or 
super-gain transistors. 
It is well-known that a narrow base width results in a high-beta 
transistor. As the emitter is diffused more deeply into the base, 
reducing the base width, the current gain will increase. :But there is 
a trade-off between breakdown voltage and current gain. When the 
emitter is deeply diffused, the depletion region of the collector-base 
junction may penetrate the base and reach through to the emitter, 
resulting in a collector-emitter short. However, by stopping the 
emitter diffusion in time, a super-beta transistor can be practically 
made. 
The super-beta transistor has the disadvantage of collector-to­
emitter voltage breakdown of less than 5.0 volts� This unusually low 
breakdown voltage precludes its use in standard circuit designs. 
However, it can be fabricated simultanously with high-voltage tran­
sistors. It has been shown.
1 
that circuit techniques are available, 
namely bootqtrapping and cascode connections, that take advantage of 
the high-current gain of one transistor type and the_
high-breakdown 
voltage of the other, producing the equivalent of a high gain, high­
voltage device. 
This  transistor i.s a new device. It has application in the first 
stage of an operational amplifier. The device requires low bias 
currents so the undesired output offset voltage can be minimized ,  and 
the high current gain can be important to minimize noise . 
The goal of this research is  to study the parameters of the super­
beta transistor - de characteristics , small signal behavior , large 
signal behavior, and noise  - in order to better understand the device . 
Two types of super-beta transistors are used in this research. · They 
are both discrete npn devices; type IT1 24 super-beta dual monolithic 
silicon planar transistor and type PR1 super-beta transistor. The 
IT124 is made by Int ersil Incorporat ed and is available· commercially; 
the type PR1 is a development sample produced by National Semiconductor. 
CHAPTER II 
DC CHARACTERISTICS 
2-1 Output Characteristics 
Many different families of characteristic curves can be drawn, 
depending upon which two parameters are chosen as the independent 
variables. It. is most useful to select the input and output voltages 
as the independent variables; then the input and output currents 
become the dependent variables. In Fig. 2-1, a super-beta transistor 
is shown in the grounded-emitter configuration. This circuit is also 
referred to as a common-emitter configuration, since the emitter is 
common to the input and output circuits. This configuration is used to 
measure the variables of the circuit. The potentiometer across the 
base voltage supply VBB is used to provide small variations in the base 
voltage. The base current is determined from �alculation based upon 
v1, v2 and � ' while the collector current is indicated by the ammeter. 
IR IB 
� � 
� 
( 1 Mn) 
VBB 1 
t 12 
vcc 
Fig. 2-1. Measurement circuit in common-emitter configuration. 
' 
Fig. 2-2 is· the plot of collector current I
C 
versus collector-to­
emi tter voltage VCE with base current I
B 
as a parameter, for the type 
IT124 super-beta transistor. The curves of Fig. 
·
2-2 are known as the 
output characteristics .  Behavior in the active region is shown . In 
this region, the collector junction is biased in the reverse direction 
and the emitter junction in the forward direction. The values of the 
base current are in the range of nanoamperes, whereas the corresponding 
collector currents are in microamperes. The collector to emitter 
breakdown voltage is 2 . 0  V according to the manufacturer . Fig. 2-3 
shows the output characteristic s for higher values of base current. 
Since this transistor is operated at low current levels, the curve­
tracer which is designed for general bipolar transistors can not be 
us ed to study the characteristics of this kind of transistor . Figs . 
2-4 and 2-5 show the output characteristic curves of a sample of type 
PR1 super-beta transistor . 
2-2 Input Characteristic s  
In Fig. 2-6 the abs cis sa is the bas e-to-emitter voltage VBE' and 
the ordinate is the base current �· The data are given for variou s  
values of collector-to-emitter voltage VcE· This is the input charac� 
teristic of the type IT124 super-beta transistor. For any value of 
V
CE' the bas e  current IB 
for small VEE is approximately zero . This 
value is too small to be observed . A noteworthy feature of the input 
characteristic s is that there exits a cut-in voltage; below which the 
base current is negligible . In Fig.  2-6, we find that the cut-in 
voltage is approximately 0 . 35 V at the conditions VCE = 
1 . 0 V, IC 
= 10 
4 
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Fig. 2-2.  The output characteristics of type IT1 24 unit . 
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Fig. 2-4. The output charact eristics of  type PR1 unit . 
� 
� () 
J-4 
0 
+> 
0 
Q) 
r-f 
r-f 
0 
0 
I 
0 H 
2 . 
1. 
Q,?uA � 
0 . 1 A 
0 0 . 5  1 . 0  
VCE - Collector· voltage - Volts -
2 . 0  
2 .0 
Fig. 2-5 .  The output characteristics of type PR1 unit with  
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Fig. 2-7 . The input characteristics of type IT1 24 unit 
with higher base current. 
JJA• Also from the graph, we can determine the de input resistance of 
the transistor, which is about 2.56 MO at VCE = 1.0 V, I0 = 100 µA. 
Higher base currents are shown in Fig. 2-7. The cut-in voltage is 
0.715 V at the conditions VcE-= 1.1 V, IC= 1.0 mA. The input resis­
tance is 2.59 MJ2at VCE = 1.1 V, IC= 1.3 mA,. Figs. 2-8 and 2-9 show 
the input characteristics of type PR1 super-beta transistor for other 
base current values. In Fig. 2-8 ,  the cut-in voltage is approximately 
0.33 V at the conditions VCE = 1.0 V, IC = 10 µA; the de input resis­
tance is 3. 44 Mn at V CE = 1 .o V, I0 = 100 fA• At the higher base 
current, the cut-in voltage is 0. 636 V at V CE = 1.-1 V, IC = 1 .o mA; the 
input resistance is 2.6 M.Q at VCE = 1.1 V, I0 = 1.3 mA. 
2-3 The DC Current Gain hFE 
A transistor parameter of interest is the ratio I0/IB' where IC is 
the collector current and IB is the base current. This quantity is 
designated by (3dc or hFE' and is known as the de beta, or the
 de 
current gain. 
Figs. 2-10 and 2-11 show the de current gain versus collector 
current for the type IT124 and PR1 devices;respectively. At the con-
di tions V = 1.0 V, I = 100 p.A, we find that the de current gain hFE CE C · 
of the type IT124 is 2360, whereas for the type PR1 it is 3370. These 
values are larger than those of bipolar transistors. The values of 
17E are ditferent for distinct v0E values. The variation of hFE with 
collector current for type IT124 and PR1 samples are-shown in Figs. 
v 
2-12 and 2-13. For both of these transistors, the de current gain falls 
off as the collector current increases. At VOE= 1.1 V, IC = 1.0 mA, 
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I I 
IC: 
the de current gain of the type IT124 unit drops down to 336. It is 
clea� that when this transistor is operated under lower collec"tor-to­
emi tter voltages , or at higher collector currents ,  it no longer behaves 
as a super-beta transistor. The de current gain of the type PR1 is 
3220 at VCE =1 . 1  V, IC = 1 . 0 mA. 
·� 
CHAPTER III 
SMALL SIGNAL :BEHAVIOR 
Under small signal conditions , where the variations about the 
quiescent point are assumed small ,  circuit models are used to study the 
behavior of the transistors. The set of hybrid.parameters is used to 
represent the super-beta transistor in this chapter. The major reasons 
we use this model are : the parameters are real numbers at audio-
frequencies , they are easy to measure , they can be obtained from the 
transistor static charact eristic curves, and they are particularly 
convenient to use in circuit analysis and design. 
3-1 Definition of h Parameters 
The t erminal behavior of two-port devices may be specified by two 
voltages and two current s. The box in Fig. 3-1 represents such a two-
port network. If the current r1 and the voltage v2 are independent 
and if the two-port is linear ,  we may write 
v1 = h11 I1 + h1 2v2 
I2 = h21
11 + h22V2 
( 3-1 ) 
( 3-2 ) 
The quantities h1 1, h12
, h21 
and h22 are called
 the h .or hybrid para­
meters because they are not all alike dimensionally. Let us assume 
that there are no reactive elements within the two-port network . Then 
from Eqs. ( 3-1 ) and ( 3-2 ) , the h parameters are defined as follows : 
272105 
input resistance with output short­
circuited (ohms ). 
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h12 
- v1 
= fraction of·. output voltage at input with - V2 I = 0 1 input open-circuited, or more simply, 
reverse-open-circu�t voltage amplification 
(dimensionless) • 
h21 
12 negative of current =� 
= transfer ratio with 
v2 = 0 output short-circuited. This para.meter is 
usually referred to as the short-circuited 
current gain (dimensionless). 
= output conductance with input open-circuited 
= 0 
(mhos). 
The following convenient alternative subscript notation is recom-
mended by the IEEE Standards: 
i = 11 = input impedance o = 22 = output admittance 
f = 21 = forward transfer r = 12 = reverse transfer 
In the case of transistors, another subscript (b, e, or c) is added to 
designate the configuration. 
Since the device described by Eqs. (3-1) and (3-2) is assumed to 
include no reactive elements, the four parameters h11,,h12, h21 and h22 
are real numbers, and the voltages and currents v1, v2, and r1, r2 are 
function of time. 
We may now use the four h parameters to construct a mathematical 
model of the device of Fig. 3-1. The hybrid circuit-for any device 
characterized by Eqs. (3-1) and (3-2) is indicated in Fig •• 3-2. We can 
verify that the model of Fig. 3-2 satisfies Eqs. (3-1) and (3�2) by 
Input 
port 
Fig. 3-1 .  A two-port 
11 
---+ 
t 
v1 h1 2v2 
! 
Two-port 
active 
device 
network. 
+ 
+ 2 11 1 
12 
---
h22 
t Output 
v2 port 
+ 
+ 
vf 2 
! 
Fig. 3-2. The hybrid model for the two-port network of Fig. 3-1. 
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l' 
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f hfeib h v oe 
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Fig. 3-3. Common-emitter hybrid model and its v-i equation. 
writing Kirchhoff's voltage and current laws for the input and output 
ports, respectively. 
Here the common-emitter configuration is used; �he hybrid model 
and the terminal v-i equations are shown in Fig. 3-3. 
3-2 Determination of the h Parameters from the Characteristics 
We can determine the h parameters graphically from the transistor 
characteristic curves. Let us introduce a set of equations: 
h. - �VB h 
Av13 
1e - AiB V re = 6vc I c .B 
hf e 
6ic 
h = 
�ic 
= �i:B v oe flvc I c B 
The above equations give the form of the ftL�ctional relationships .for 
the common-emitter connection of total instantaneous collector current 
and base voltage in terms of two variables, namely, base current and 
collector voltage. Such functional relationships are represented by 
families of characteristic curves. Two families of curves are usually 
specified for transistors. The output characteristic curves depict the 
relationship between output current and voltage, with. input current as 
the parameter. The input characteristics depict the relationship 
between input voltage and current with output voltage as the parameter. 
If the input and output characteristics of a particular connection are 
given, the h parameters can be determined graphically. For a common-
emitter configuration, the output and input characteristic curves are 
shown in Figs. 3-4 and 3-5,respectively. 
iC2 iB = IB 
IC 
iC1 
iB1 
Fig. 3-4. CE output characteristics - determination of 
hf and h • e oe 
VB1 VB2 
VB 
Fig. 3-5 . CE input characteristics - determination of 
hi and h • e re 
I I 
{a) = 
ie2 - ie1 
i:B2 - i:B1 
The current increments are taken around the quiescent point Q, which 
corresponds to base current iB = IB and to the collector voltage 
VOE = Ve• 
h -
A ie 
oe - Ave IB 
(b ) 
The value of h at the quiescent point Q i.s given by the slope of the oe 
output characteristic curve at that point. This shape can.be evaluated 
by drawing the line Al3 in Fig. 3-4 tangent to the characteristic curve 
at the point Q. 
( c ) -
Av:B hie 6.iB V e 
Hence the slope of the appropriate input characteristic at the quiescent 
point Q gives h. • In Fig. 3-5, h. is given by the slope of the line 1e ie 
EF, which is drawn tangent to the characteristic curves at the point Q.  
( d ) 
A vertical line on the input characteristics of Fig. 3-5 represents 
constant base current. The parameter h can now be obtained as the re 
change in base voltage, vB2 - vB1' divided by the change 
in collector 
voltage, vc2 - ve1, for a constant base current IB
' at the quiescent 
point Q. Since h � 10-4, then vB � ve, and the above method, re - . 
although correct in principle, it is very inaccurate in practice. 
The method discussed above yields an estimation of the h parameters 
of a transistor. Now we will use this method to estimate the h para-
meters of super-beta transistors at several quiescent points. For 
common-emitter connected IT124 and PR1 super-beta transist.ors, the 
characteristics are shown in Fig. 2-2 through Fig. 2-9. According to 
I/ 
the method discussed above, we find that the h para.meters of type IT124 
super-beta transistor at VC ::: 1.0 v, IC = 0.10 mA are 
h. = 
i.e 
h = oe 
5 . 7  x 
80 x 
106 .n 
-6 10 mho 
While at V C == 1.1 v' IC = 1.0 mA 
h. ie 
h oe 
For type PR1 
h. 1e 
h oe 
= 6 x .103 n 
= 0.95 x 10-3 mho 
at VC = 1.0 V, IC 
= 3.3 x 10
6n 
= 1.1 -6 x 10 mho 
= 
While at Ve = 1.1 v, 10 = 1.0 mA 
h. = 0.1 x 106n ie 
h = 0.2 x 10-3 mho oe 
3-3 Measurement of h Parameters 
0.10 mA 
hf e 
.h re 
hf e 
h re 
hf e 
h re 
= 
= 
= 
= 
= 
= 
5.7 x 103 
90 x 10-3 
70 
40 x 10-3 
3 .a4 x 103 
18 x 10-3 
h = 2.66 x 103 f e 
h = 16 x 10-3 re 
h para.meters of a super-beta transistor can be determined either 
graphically or from laboratory measurements. Graphicai determination, 
as mentioned. in the previous section, is not highly accurate. The 
"BIRTCHER Semiconductor Test Set Model 70" is available to measure the 
h parameters of a conventional transistor directly. The input sign.al 
voltage of this instrument to the test device is 1 V-peak-to-peak, and 
since this is too large for a super-beta transistor, we can not use the 
test set. Based on the definition given in Sec. 3-1, a simple 
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experimental circuit may be assembled for the direct measurement of the 
hybrid parameters. Consider the circuit of Fig. 3-6 .  The desired 
quiescent conditions are obtained from adjustable supplies Vee and VBB• 
The reactance of c1 and e2 are negligible at the frequency of the 
sinusoidal generator, 1 kHz . We may consider the super-beta transistor 
output port to be short-circuited to the signal. 
Note that we now use capital letters to represent phasor rms 
voltages and currents. Hence AVB' AiB' Ave and Aie of the preceding 
section are replaced by Vb, lb' V0 and I0, respectively. The input 
signal voltage to the super-beta transistor is measured by a voltmeter 
between base and emitter. We may consider the signal-input current to 
be 
V ' - V 
Ib = 
s b - I I 
R1 b 
where V 8 1 is the voltage measured across �' and lb' is the current . 
flowing through the voltmeter which is located across the base and 
emitter. 
The value of h. is given ie 
vb V '  
- v
b 
h. = v /( 
s - I ' ) 
·ie 
= 
lb v 0 b R1 b = c 
Hence the input resistance h. may be calculated from the two measured ie 
voltages V8' and Vb. 
The circuit of Fig. 3-7 is used to mP.asure hre· This circuit is / 
the same as in Fig. 3-6 ,  except � is inserted betwe�n the emitter and 
ground in order to determine the collector signal current. Since � is 
1 00..Q, we may consider the configuration as common-emitter circuit. 
v a 
c . 
- 1 + R1 ( 1 Mn) 
1 V '  
� s r VBB 
Fig. 3-6. Circuit for measuring h. • ie 
v 'U s V '  a � 
( 1 00.12) 
Fig. 3-7. Circuit for measuring hfe· 
Zl 
� 
2� 2k.n) 
c2 
+ 
( 1 0  µF) vcc 
+ 
-( 10pF) 
The emitter signal current is determined by Vo, which is almost the 
same as collector signal current. 
For parameter hfe is given by 
I 
hf e = I� V 
c 
R
E 
Thus hf is obtained from the two measured voltages V ' and V • . e s o 
The circuit of Fig. 3-8 may be used to measure h • The signal · re 
now is applied to the collector directly through a capacitor which is 
used to block the de current from supply Vee• Because we select R1 = 
100 M12which is large compared with the input resistance of the super-
beta transistor, the base circi.iit may be considered effectively open-
circuited as far as the signal is concerned. 
We then obtain 
vb vb 
hre s:: V = V c Ib = 0 c 
Vb is measured across R1, and V0 is measured at the collector. 
Consider the circuit of Fig. 3-9 . It is used to measure the h oe 
parameter. If � = 10 Mfl which is large compared with Ri, the base 
circuit may be considered effectively open-circuited as far as the 
signal is concerned. The collector current is determined from RE. 
The output conductance is 
I V c 0 h =-v = RV oe c Ib = 0 E c 
Hence h is obtained from the measured voltages V and V • oe o c 
In measuring v and v , it is necessary for the reading to be 
0 b 
r 
vb 
l 
R1 v 
( 1 00MQ) + 
0 
c1 - J ( 10,uF) VEE 
Fig. 3-8 .  Circuit for measuring h • · re 
RE 
( 1oon) 
Fig. 3-9. Circuit for measuring h0e· 
I 
v c 
J 
"-' v 
voe 
C( 10JtF) 
+ 
s 
'U v s 
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smaller than 0.5 mV when there is no signal input to the circuit. This 
will assure the.accuracy of the readings. The values of R1 and � which 
are used to determine the currents should be within !1 % tolerance in 
order for the error to be limited to 1 percent. 
3-4 Experimental Data 
Using the circuits as discussed in the previous section, we 
obtained the h parameters of the super-beta transistors. They are 
listed in the following tables for different types and bias conditions. 
Table 3-1 shows the h parameters of IT124 super-beta transistor and 
Table 3-2 shows the h parameters of PR 1 super-beta transistor. 
From this data, we found that the super-beta transistors have high 
values of short-circuit current gain, ten or more times greater than 
conventional bipolar transistors. This is why they are called super-
beta or super-gain transistors. For type IT124, the value of hfe 
reaches 1644 at the bias conditions v0 = 1.0 V, I0 = 0. 2 mA. It 
becomes 8 1A when IC is equal to 1.0 rnA. Type PR
1 has higher beta value 
than type IT 124. The value is as high as 3220 when v0 = 1 .0 V ,  I0 = 
0.2 mA, while at IC = 1.0 mA, it only has decreased
 to 2520. Besides 
the high value of current gain, this type also has higher input resis-· 
tance h. • Both of these two super-beta transistors have about 1 M.n.. ie 
input resistance at v0 = 1. 0 V, IC = 0.02 mA. Also t
ype PR1 has a 
higher value of h. than type IT124. ie 
Now let us measure the parameters of a type 2N956 bipolar transis-
tor with the "BIRTCHER Semiconductor Test Set". We find the h para­
meters of this transistor under bias conditions Ve= 5.0 V, I0 = 1. 0  mA 
25 
TABLE 3- 1 
h parameter values of type IT 1 24 super-beta 
transistor ( at Ve = 1. 0 V, f = 1 kHz) . 
IC (mA) hfe( x10
3 ) h .  ( x 105 ) ie h (x10-
6 ) oe h ( x10
-3 ) re 
0.02 1. 168 1 2. 85 15. 32 10. 7 
0.04 1. 42 9 . 82 19. a 9. 18 
0.06 1. 5 38 1 . a 22. 9  a. 2 1  
0.08 1.545 6. 24 26. 1 7. 4 1  
0. 10 1. 640 5. 2 1  29.5 6. 74 
0. 20 1. 644 2. 8 1  45. 6 4. a3 
0. 40 1. 37 1. 28 100. 0 2. 92 
o . 6o 0. 46 2  0. 6 7 1  415.0 1.47 
0. 80 0. 153 0. 270 62 2. 4  1 .  29 
1.0 0. 0 8 14 0. 1 12 79 1. 0 0. 858 
TABLE 3-2 
h parameter values of type PR1 super-beta 
transistor ( at Ve = 1. 0 V, f = 1 kHz) . 
IC (IDA) hfe ( x1 0
3 ) h .  ( X1 05 ) ie h ( x1 0-
6 ) oe h ( x1 0
-3 ) re 
0.02 2. 25 15.4 28. 5 1 2. 2  
0.04 2. 76 1 3. 7  36.5 1 1. 2  
0. 06 2 . 94 1 1. 9  42. 1 10. 3 
0.08 3. 07 10. 6 45. 4  9. 49 
0. 10 3. 14 9. 3 2  50. 0 8. 85 
0. 20 3. 2 2  5. 23 67 . 1  6. 56 
0. 40 3. 06 2.55 1 1 3. 1  3. 76 
o. 60 2. 88 1. 6 1  156. 1 2. 19 
1. 16 206. 0 
- 2. 1 2  0. 80 2. 74 
1.0 2.5 2  0. 902 26 1. 0 2. 94 
26 
t o  be : 
hfe 
= 1 1 1  h .  ie  = 326o n  
h = 19 .6 x 1 0- 5 mho h = 5 . 5 x 10-4 oe re 
Let us compare these values with the PR1 super-beta transistor at 
I0 = 0 . 1 0 mA. We find that the value of hfe of PR1 super-beta t ransi s­
tor i s  about thirt y t imes larger . The input resi stance o f  the super-
beta t ransi stor is much much larger than that of bipolar transi stor , 
about one hundred t imes larger . The output conductanc e h , has a o e  
larger value for t h e  super-beta transistor , but the difference i s ·  not 
very s ignificant . The paramet er h i s  about ten t imes larger for the re 
super-beta transi stor . Thi s high value means a larger . amount of feed-
back of the output voltage to the input t erminal ; thi s is undesirable .  
3-5 Hybrid-paramet er Variat ions 
The values of the h paramet ers not only depend upon the operating 
point , but also depend on the ambient t emperature . Only the variat ion 
. in h paramet ers with collector current i s  di scussed in thi s sect ion . 
We compare the super-beta transi stor with the bipolar transistor. 
From the discus sion in Sec . 3-2 we have seen that once a quie s c ent 
point Q is specifi ed , the h paramet ers can be obtained from the charac-
teri st ic curves . Sinc e the charact eristic curves are not equally spac ed 
for equal changes in IB or VCE '  it i
s clear that the values of the h 
paramet ers uepend upon the location of the quiescent point . Such curves 
a.re shown for IT1 24 and PR1 super-beta transistors in Figs . 3- 1 0  and 
3- 1 1 . Data for these curves were obtained by using the c ircuit s in 
Fig. 3- 6  through Fig. 3-9 , and they were al so listed in Table 3- 1 and 3-2 .  
1 0 . 
1 .  
0 . 1 
0 . 0 1  
0 .0 1  0 . 1  
IC - Collector current - mA 
Fig. 3- 1 0 .  Paramet er variations with IC( Q) of IT1 24. 
1 0 .  
1 .  
0 . 1  
0 . 0 1  1 o . o  0 . 1 
IC - Collector current - mA 
Fig. 3- 1 1 .  Paramet er variat ions with IC ( Q)of PR1 .  
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1 .0 
1 . 0 
Fig. 3- 1 2 shows the typical variat ions of h paramet ers of a bipo lar 
transi stor with. co l lector current . Both the super-bet a t ransistor and 
the bipolar transist or behave similarly when we consider h and h . •  
o e  i e  
When considering h
f 
and h , these two different t ypes . of t rans.i st ors 
e re 
behave oppo sit ely. Inst ead of increasing with collector current , the 
paramet ers of the super-beta transi stor decrease with an increase in 
co ll ector current . 
3-6. High Frequency h Paramet ers 
-
The paramet ers o f  some transi stor types begin t o  take on comp l ex 
form at frequencies beyond the upper end of the audiofrequency spectrum .  
Low frequency paramet ers are simply real numbers ; for high frequency 
analys i s , the paramet ers al so have react ive port ions that represent 
physical capacitance effect s and the distribut ed nature of some of the 
internal funct ions . 
Because of the diffusion c apacitanc e ,  the magnitude o f  the common-
base current amplificat ion factor h
fb 
is found to vacy with frequency 
according to the approximat e relat ion 
fhfb is referred to as the alpha-cutoff frequency. At the cuto ff 
frequency, h
fb 
has decreased to 0 . 707 of it s reference value . 
(3-3 ) 
In this s ect ion common-emitt er opera� ion i s  considered . We are 
int erest ed in h
fe
; h
fe 
is a funct ion of hfb
' and has _ the fo llowing 
relation 
(3-4 ) 
v s ru 
tO 
Cl> 
� 
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Fig. 3-12 . Param7ter variations with IC( Q) of a typical transistor. 
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Fig. 3- 1 3 . Circuit for measuring hfe at higher frequency. 
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vcc 
Therefore upon substitution of Eq .  ( 3-3 ) into Eq . ( 3-4) we obtain 
h 
h = f eo fe 1 + j ( f/fhfe
) 
( 3-5) 
where fhfe = 
( 1 + hfbo
)fhfb ' is referred to as the beta-cutoff fre-
quency; it i s  also symbolized by fp • When f = ]3 ' jhfe ) is reduced to 
1//2 times its low frequency value hfeo ; therefore fra serves as a 
useful measure of the band of frequencies over which the current gain 
remains reasonably constant . 
Consider the circuit of Fig. 3- 1 3 .  This circuit is slightly differ-
ent from that circuit shown in Fig. 3-7 . A 0 . 0 1  µ, f  non-electrolytic 
capacitor parallels a 10 µ. f  electrolytic capacitor as the ac short-
circuit . A non-electrolytic capacitor is  used to provide a good ac 
short-circuit at high frequencies . The base current i s  determined by 
Vs ' - vb vb Ib = R1 
- Rin 
where Rin is the input resistance of the voltmeter
. The collector 
current is determined from V /1 00 .  From these two currents we can 
0 
obtain the values of hre • 
Fig. 3-1 4  shows the variation of hfe of type IT1
24 super-beta 
transistor versus frequency, operating at VCE = 1 . 0 V, · r0 = 0 . 1 mA , and
 
Fig. 3- 1 5  shows the variation of hfe of another type PR
1 super-beta 
transistor versus frequency, operating at the same point . It i s  clear 
from the graph that the values of hfe decrease whe
n frequency increases . 
The �ot.ted line shows the calculated values . First we determined the 
beta cutoff frequency from the experimental data, where the hfe value 
drops down to 0 . 707 of its low-frequency value , and then calculated hfe 
ca 1 .0 Cl> 
� 
r"""i 
cd 
> 
rd 
Cl> 
N .,... 
r-4 
cd 0 . 5  
� 
0 
z 
0 
102 
Fig. 3- 1 4. 
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- 0 . 1  mA experimental : 
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Fig. 3- 1 5 . The short-circuit CE current gain vs . 
frequency of PR 1 .  
3 1 
by using &i .  ( 3-5 ) . Then we plo� the normalized value on the graph . 
The experimental and calculat ed curves for both super-beta transi st ors 
are in good agreement , but the experimental rat es of decreas e  at high 
frequencies are smaller than the calculat ed curves .  The beta-cut o ff 
frequency of type IT1 24 super-beta transi stor i s  4 . 0  kHz ,  whi le for 
type PR1 it is 1 . 3 kHz . We know that the general-purpo s e  bipolar. 
transistors have values of f � in the range of 10 kHz . Since the beta­
cutoff frequencies of these two t ypes are quite low , they are not 
suitable to be used in high frequency oper�t ion . 
At high frequencies , the col lector and diffusion capacitanc e s  are 
the factors that result in operational differenc es . They are not 
constant , but are subj ect to variat ions due to t emperature, emitt er 
current , collector pot ential , frequency and manufacturing t echniques .  
Figs . 3-1 6 and 3-1 7  show the values of hfe as a function of frequency 
for the two different types o f  super-beta transi stors , operating under 
different bias conditions . Both o f  these experiment al curves have 
small er rat es of decrease than the calculat ed curves . For type IT1 2 4  
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super-beta transistor , t h e  cuto ff frequency is changed to 1 0  kHz , while 
for type PR1 , the cutoff frequency i s  changed to 5 . 3  kHz . Fig. 3-1 8 
shows the value of h as a funct ion of frequency for type IT1 24 super­fe 
beta transi stor , operating at Ve = 1 . 0 V, and a higher col lector 
current , IC = 0 . 4  mA. Not only is the bet
a cutoff frequency higher , 
but there is a peak at about 4 kHz . Fig. 3-1 9  shows the value of hf . e 
as a funct ion o f  frequency for the type PR1 super-beta transi stor , 
operating at v = 1 .0 v ,  I = 1 . 1 mA, also at a higher collector . c c 
· current . The beta cutoff frequency increas es , and the values of 
calculated : - - -
experimental: ��-
0 '----"'---"'---'-........ ----"'----"'--"'-'--l-........ ..aA---"'-�....i 
102 103 104 1 0
5 
f - Frequency - Hz 
Fig. 3- 1 6 .  The s hort-circuit CE current gain vs . frequency 
at different collector current of IT1 24. 
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Fig. 3 ... 1 7 . The short-circuit CE current gain vs. frequency 
at different collector current of PR1 .  
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Fig. 3- 1 8 .  The short-circuit CE current gain vs . frequency 
at higher collector current of IT1 24 . 
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hfe are a little  bit higher at about 1 kHz .  
3-7 Transconductance gm 
The super-beta transistor has a higher input resistance than the 
bipolar transistor . The vacuum tube has very high input resistance and 
transconductance g is used to represent it s gain characteri stics . 
m 
Th�refore , in this section we investigate the gm parameter of the super­
beta transistor. Fig. 3-20 shows the hybrid-'1f model of a transistor. 
Assume that the collector and emitter are short-circuited , and the 
signal frequency is 1 kHz . The approximate equivalent circuit useful 
to calculate . the short-circuited current gain is shown in Fig. 3-21 . 
gm is determined by 
I 
0 
� = � ' e 
The circuit in Fig. 3-22 shows the set-up used to measure the gm 
of the super-beta transistor . Two capacitors are connected across  the 
v00 power supply. Since the value of � is  small ,  we may consider the 
load to be a short circuit . The g value can be determined from m 
measurement of voltages V and Vb • Actually the transconductance o e 
determined from this circuit is not identical to defin�d transconduct-
ance for transistors , because the voltage measured between the base and 
emitter is not vb ' e ·  We designat
e this measured value by gm ' ·  
Fig. 3-23 shows the g ' values as a function of frequency for the m 
both types IT1 24 and PR1 super-beta transistors , at the same bias 
conditions V = CE 
than type IT1 24.  
1 . 0 v, r0 = 0 . 4  mA. Type PR1 has larger gm ' value 
The g ' value of type PR1 remains constant until m 
v s 
rbb ' B '  
B 
rb ' e 
c 
E 
Fig. 3-20 . Hybrid-1'( model 
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Fig. 3-21 . Approximat e equivalent circuit for the calculat ion 
of the short-circuit CE current gain. 
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2 llliz ,  and drops down to 0. 707 of its low frequency values at 10 MHz . 
l3ut the g ' value of type IT1 24 remains constant until 6 1'IHz , and m 
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decreases to 0 . 707 of  its low frequency values at about 1 9 . 5  MHz , which 
is higher than that of type PR1 super-beta transistor. 
Fig. 3-24 shows the phase angles of the g ' values of these two m 
types of transistors versus frequency.  :Both of these two types of  
transistors have 1 80 degrees phase angle at low frequency. The phase 
angles start to fall off beyond 1 MHz , and decrease to around 1 10 
degrees at 50 MHz . At cutoff frequency, �he phase angle i s  1 36 degrees 
for type IT1 24,  while for type PR1 the phase angle is  1 52 degrees .  
3-8 Analysis  of a Super-beta Transistor Amplifier Circuit using h 
Parameters 
To form a transistor amplifi er it is only necessary to connect an 
external load and signal source as indicated in Fig. 3-25 and t o  bias 
the transistor properly. The two-port active network of Fig. 3-25 
represents a transistor in any one of the three possible configurations . 
In Fig. 3-26 we show the small signal hybrid model for a common-emitt er 
connection .  The circuit used in Fig. 3-26 is valid for any t yp e  of 
load whether it be a pure resistance,  an impedance ,  or another transis-
tor. This is true because the transistor hybrid model was derived 
without any regard to the external circuit in which the transi stor is  
incorporat eu . The only restriction is  the requirement that the h 
paramet ers remain substantially constant over the operating range. 
Here a pure resistance load is  considered . 
Assuming sinusoidally varying voltages and currents ,  we can proceed 
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with the analysis of the circuit of Fig. 3- 2 6 ,  using the phasor notation 
to represent the sinuso idal ly varying quantities . The quantit i es of 
interest are the current gain , the input resistance,  the voltage gain , 
and the output res i s t anc e .  
Now l et u s  take a set of h paramet ers from Table 3- 1 .  At v0 = 1 . 0 
v, . IC = 0 . 1 0 mA ,  the h paramet ers of type IT1 24 super-beta transistor 
are : 
h = 1 . 640 x 1 0 3 f e 
h oe 
- 6  
= 29 . 5  x 1 0  mho 
Using this set of values we may calculat e Av ' 
2 
1 0  k!}, Rs = 60ofl , we found that 
-hfeRL A = = - 30 . 9  V h + R_ A
h 
A .  = 
1 
R
i = 
R = 
0 
ie -"-L 
hf e 
1 + h R1 oe  
h .  
i e  
R Ah 
+ L 
1 + h o e� 
h .  + R
S i e  
Ji + RSh o e  
= 1 268 
= 409 x 10
3 n 
= 1 3 3 x 1 0
3 n 
h .  = 4 . 95 x 105 n 
ie 
h = 6 . 74 x 1 0- 3 re 
A . ' R . and R • If R1 
1 1 0 
For type PR1 super-beta t ransist o r ,  the values of h parameters from 
Table 3-2 at v0 = 1 . 0 v, IC = 0 . 1 0 mA are 
hfe = 3 . 1 4 x 1 0
3 
Then . 
h oe  
- 6  
= 50 .0  x 1 0  mho 
A = - 3 1 . 3  . v 
R .  = 667 x 1 0 3 rt 
1 
h re 
= s . 5 3 x 1 0 5 n 
= 8 . 85 x 1 0
-3 
A .  = 2090 
l. 
R = 57 . 4 x 1 0
3 rl 
0 
= 
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From the above calculat ed values , we concluded that both types of super­
beta transistors have appropriat e voltage gain, very high current · gain , 
and high input and output resist ances . As compared with the bipolar 
transistor ,  we may say that the super-beta transistor has very high 
current gair, , high input and output resistances . 
3-9 Discussion of Voltage Gain 
In the laboratory, there are many excellent instruments available 
for measuring signal voltage , whereas there are no instrument s that are 
complet ely sat isfactory for measuring signal currents .  Therefore , of  
the four int erest ed quant ities , voltage gain , current gain , input 
resistance and output resistanc e ,  discussed in the previous section , 
. only voltage gain is  considered in this section . 
Fig. 3- 27 shows the voltage gain as a function of the de collector 
current of type IT1 24 super-beta transistor in a simple amplifier 
circuit .  Data for two different load resi stances are plott ed on the 
graph . The values of voltage gain increas e with the collector current , 
and reach a maximum value around 0 . 40 mA col lector current . The dashed 
curves are calculat ed values by using the known h parameters and load 
resistance values . These two experimental and calculat ed curves are 
in good agreement . 
Fig. 3-28 shows the voltage gain as a function of collector current 
for type PR1 super-bet a transistor in the simple amplifi er circuit . 
We find that the experimental and calculat ed curves are in bett er agi;ee-
ment for the smaller load resistance .  
Fig. 3- 29 shows the voltage gain o f  a type IT1 24 super-beta 
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sistor simple amplifier circuit as a function of frequency. Data for 
two different load resistances · as well as two different collector 
currents are plotted on the graph . For larger load resistance , the 
cutoff frequency of the voltage gain is about 230 kHz . But £or smaller 
load resistance ,  the cuto£f frequency is 480 kHz . 
Fig. 3-30 shows the voltage _gain of type PR1 super-beta transistor 
simple amplifier circuit as a function of frequency. Also the data 
for two different load resi stances as well as two different de collector 
current s are plott ed on the graph. The cutoff frequencies of the 
voltage gain of this type transistor are the same as type IT1 24.  It is 
about 230 kHz for larger load resistance and about 480 kHz for smaller 
load resistance.  
CHAPTER IV 
LARGE-SIGNAL BEHAVIOR 
When a device is  operat ed with a large-signal input , the assump­
tions of linear operation are no longer valid . For acclirate analysis , 
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a graphical method i s  often used . Since the super-beta transistor must 
be operated at very low power supply voltage , it is not suitable to be 
used as a power amplifi er .  In this chapter we discuss the response of  
the super-beta transistor to large signals. . The voltage transfer char-
acteristics are studied , and the device is  compared with the bipolar 
transistor. The simple large-signal audiofrequency amplifier operating 
at 1 kHz is considered in this  chapter. 
4- 1 Graphical Analysis of the Super-Beta Transistor Amplifier 
Graphical analysis of the super-beta transistor amplifier provides 
an insight into the large signal performance of the amplifier . The 
circuit diagram for a super-beta transistor amplifier is shown in Fig. 
4- 1 .  The bias voltage VBB 
is included in the circuit to allow class A 
operation.  Since the input signal voltage at the base of the transistor 
must be quite  small , a voltage divider is needed to decrease the signal 
voltage v . 
s 
First let us examine the output collector charact eristic as shown 
in Fig. 4-2 .  A stat ic load line is drawn on the curve with the slope 
of tan-
1 ( 1/R1) . The proj ection of the 
extreme of the operating range 
on the abscissa gives the maximum peak-to-peak value of the output
 
voltage ,  while the proj ection on the ordinate gives the max
imum peak-
v s 
20 kn. 
Fig.. 4-1 • A simple amplifier circuit . 
Limiting 
value 
or output 
current 
Limiting value of 
output voltage 
Fig. 4-2 . Collector characteristics . 
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to-peak value o f.  the output current . The port ion o f  the load l in e  
between saturat ion and cut o ff regions i s  cali ed t h e  act ive region o f  
t h e  amplifi er ; i n  t h i s  region t h e  super-beta trans i stor ampl i fi e s  the 
input signal . The operat ing po int must be situat ed somewhere within 
the act ive region on the load line . Let us consider the operat ing point 
that is locat ed right in the middle of the operat ing range so that we 
have a clas s A amplifi er . For small s ignal s , the output volt age i s  a 
reasonably good . reproduct ion of the input- signal waveform .  When the 
input s ignal increas es , the output signal :volt age as wel l  as the output 
current reach the cut -off and saturat ion regions . Then the s ignal 
waveform is c lipped , and the amplifier c ircuit do es not reproduce the 
original waveform faithfully . The gain of the amplifier decreas es . 
4-2 Voltage Trans fer Charac t erist ics 
When the out put voltage i s  plott ed as a funct ion of the input 
voltage ,  we have a vo ltage t ransfer charact eri stic . Fig .  4-3 shows the 
ideal voltage trans fer charact eristic of a simple amplifi er c ircuit . 
The construct ion shows how the t ransfer charac t eri stic can be us ed t o  
det ermine the waveform o f  the output vo lt age when the waveform o f  the 
input voltage i s  as shown . Point s A and B are the bori.ndari es of the 
act ive linear r egion ; saturation and cutoff regions are also shown . 
Distortionl es s amplificat ion requires a linear trans fer charact eri st i c , 
and the s lop e  o f  t h i s  l inear region det ermines the gain of the ampli­
fier . It i s  cl ear that und er large signal operating - condit ions· , the 
curvature o f  the charact eri s t i c  flatt ens the peak and exaggerat e s  t he 
Val l ey in the waveform o f  the output voltage . Al so from the grap
h we 
Lower output 
limit ed level 
v 
0 Upper output 
limited level 
;, t: Cut-:-off 
region 
- -
c+ 
I 
-1- -
1 - I -:- - r 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I ----v----J/ 
Linear region 
t 
Fig.  4-3 . Voltage transfer characteristic . 
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can not e the coll ector t o  emitt er saturation voltage VCE( sat ) and the 
power supply .voltage V
ee • 
50 
Fig. 4-4 shows the voltage trans fer charact eristic o f  the ampl ifi er 
circuit using type IT1 24 sup er-beta transistor, operat ing at VCE = 
1 . 0 V, I
C 
= 0 . 075 mA, � = 1 0 . 7  kQ. The saturation emitt er t o  co l l ector 
voltage is 37 . 5  mV . The distance between the upper and lower output 
limiting levels i s  1 . 7 6 volt s .  The s lope of the linear region can be 
used to det ermine the voltage gain o f  the amplifier circuit , but the 
voltage divider at the input circuit has t-0 be considered because the 
value shown on the graph is V • Since the linear region i s  difficult 
8 
to det ermine accurat ely from the graph , discus sion o f  an alt ernat e 
method i s  considered in the next sect ion . But , if the operat ing point . 
is s et around the c ent er o f  the trans fer charact eri st ic , we will have 
the linear region of the amplifier . The lower left port ion of the 
transfer charact eristic corresponds to the saturation region and the 
upper right port ion corresponds to the cutoff region . 
Fig. 4-5 i s  the voltage transfer characterist ic of an ampli fi er 
circuit using a different super-bet a transi stor type PR1 . Thi s  transis­
tor is biased at the same po int : VCE 
= 1 . 0 V, IC = 0 . �75 mA, � = 
10 . 7  k52. The s aturat ion col l ector to emitt er voltage i s  42 . 6  mV. The 
distance between upper and lower output limit ed levels is 1 . 8 4  volt s . 
The linear region can be obt ained around the cent er point of the t rans­
fer charact erist ic .  The lower left port ion of the transfer charact er­
istic is saturat ion , whil e  the upper right portion is cutoff .  
Now let us examine these two transfer charact erist ics . For typ
e 
PR1 super-beta transi stor , the distanc e  between upper and lo
wer output 
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limited levels is larger by about 0 .08 volt . This means type PR1 super­
beta transistor has larger collector current . It also has a steeper 
slope and the bend at the saturation region is sharper . However, the 
two types are in general quit e  similar. The reason for these curves 
having hysteresis loops i s  that the phase angle between output and. 
input signal voltages is  slightly different . The operating frequency 
is 1 kHz . 
When the value of the load resistance is  changed , it will change 
the slope of the load line on the collector characteristic curve . If 
we again consider that the operating point is in the center of the 
active region, the circuit will amplify as before ,  exc ept the output 
voltage amplitude will differ . Consider Figs . 4-6 and 4-7 ;  they show 
the voltage transfer characteristics of the two super-beta transistor 
amplifiers with smaller values of load resistance.  We see that the 
curves are very similar to the previous observations . 
Fig. 4-6 shows the transfer characterist ic of the amplifi er circuit 
using type IT1 24 super-beta transistor , operating at VCE = 1 .0 V , IC = 
0 . 1 9 mA ,  � = 3 . 4  k.Q. The saturation collector-to-emitter voltage is  
97 . 5  mV. The distance between the lower and upper o�tput limited levels 
is  1 • 48 vol ts . The bend at the cutoff region is sharper than that a·t 
the saturation region. This  is  because at saturation , the collector 
current still keeps increasing somewhat . 
Fig. 4-7 shows the transfer charact eristic of tYPe PR1 super-beta 
transistor, which is  biased at VCE = 1 .0 V, IC = 0 . 22 rnA ,  � = 3 . 4  k.n. 
The distance between the upper a.rid lower output limited levels is  1 . 64 
volts .  The saturation col lector-to-emitter voltage is 0 . 1 1 5 volt . 
Fig. 4- 4 .  Transfer cha.ra.e t eri s t L c  
o f rP ·t Z4  a t  V , ,  ·:.: · \  ,. 0  V ,  
I.. 
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.Fig.  4-5 . Trans fer charac t eri st ic 
of PR1 at Ve • 1 .0 v, 
IC = 0 .075 mA ,  R1 • 
1 0 . 7  kO. Hori zont al 
scale : V .  - 2 V/div . in 
Vert ical scal e :  V 
0 
0 . 2  V/div . 
P1 g.  4-7 . Transfer charact eri s t ic 
o f  PR1 at Ve = 1 .0 V,  
IC  D 0 . ?2 mA ,  � s 
3 . 4 kQ. Hori zontal 
scal e :  V. - 2 V/div. 
i n  
Vert i cal scal e :  V 
0 
0 . 2  V/div . 
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This curve has a sharper transition into saturation than into cutoff.  
4-3 Determination of  the Linear Region of the Amplifier Circuit 
Distortionless amplification uses the linear region of the voltage 
transfer characteristic . Under small-signal conditions , the slope of 
the transfer characteristic determines the voltage gain of the ampli­
fi�r. Since it is neither simple nor accurate to determine the linear 
region from the transfer characteristic , an alternate method is  used. 
We plot the voltage gain as a function of the input signal amplitude . 
As long as the voltage gain remains constant , the amplifier is  said to 
be in a linear region . 
Fig. 4-8 shows the curves of voltage gain versus input signal 
voltage for both type PR1 and IT1 24 super-beta transistors , biased as 
given previously in Figs . 4-4 and 4-5 .  Fig. 4-9 i s  for a different load 
resistance,  RL = 3 . 4  k.!2 We find that the linear regions of these two 
types of super-beta transistors are quite small and they are not ideal . 
For the type IT1 24 super-beta transistor, the linear region exists for 
input voltages below about 1 2 mV for both � = 10 . 7  kn and 3 . 4  kn. For 
type PR1 super-beta transistor , the linear region exists for signal 
voltages below about 1 2 mV when � is 10 . 7  kn and 1 6
· mV when � is 3 . 4  
k.n. When the input signal i s  less than 1 2 mV, we can b e  assured that 
this simple amplifier circuit is operated in the linear region, 
amplifying the waveform without noticeable distortion. 
4-4 · Comparison with Bipolar Transistor 
Super-beta transistors are known to have high de current gain , 
much larger than the bipolar transistor . After discussing the transfer 
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charact erist ics -of the super-beta transistors in the previous sections 
we now wish to see whether there is  a large difference between these 
two devices under large signal conditions . 
Two types of bipolar transistors are chosen for the comparison .  
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The first one is the npn . 2N956 transistor, the second one is the pnp 
2N 1 381  transi stor . Figs . 4-1 0  and 4- 1 1  show the voltage transfer 
characteristics of these two transistor t.yp,es • In order to compare with 
the super-beta transistor, we should use the same load resistance and 
set at the same operating point . Fig. 4-10  shows the transfer charac­
teristic of the amplifier using type 2N956 transistor biased at v0E = 
1 . 0 V, IC = 0 . 24 mA and � = 3 . 4  kn. Fig. 4- 1 1  is for type 2N1 38 1  
transistor , which is  bias ed at the same point : VCE = - 1 .0 V , IC = 0 . 24 
mA, and R1 = 3 . 4  k.n. As we compare to Figs . 4-6 and 4-7 , we find that 
in the linear region the curve is almost a straight line for the bipolar 
transistor ; at the cut.off and saturation region , the · bends sharply 
become horizontal , and it is  easy to determine the boundaries of the 
linear region. 
Figs . 4- 1 2 and 4- 1 3  show the transfer characteristics of the 
previous two transistors , but operating at different. points .  Fig. 4• 1 2  
i s  for type 2N1 38 1  transistor,  biased at VCE = -3 . 68 V, I0 = 1 . 2 mA and 
� = 3 . 4  kn. Fig. 4- 1 3  is for type 2N956 transistor , biased at v0E = 
7 . 9  V, IC = 2 . 1 5  mA and � = 3 . 4  kn. We find that the curves have 
sharper transition from linear region to cutoff and saturation than 
that in Figs . 4-10  and 4-1 1 .  
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0 
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Trans fer charac t eri s t i c  
o f  2N 1 38 1 t rans i stor at 
VC = - 1 . 0  V ,  IC • 0 . 24 
mA ,  R1 • 3 . 4 kO. 
Hori zontal scal e :  V .  in 
- 2 V/div. Vert i cal 
scal e :  V - 0 . 2  V/div. 
0 
--.n . : ·. 1 1 r.· --- . :. 
t j. j ' • ' 
. . . I . .  1 /  
' 
i i  
! ! 
Transfer charac t eri s t ic 
of 2N9 5 6  transi stor at 
VC • 7 . 9  V ,  IC • 2 . 1 5 
mA ,  R1 = 3 . 4 kQ. 
Hori zont al sc l e :  V .  in 
- 1 0  V/div . Vert i cal 
scale : V - 2 V/div . 
0 
CHAPTER V 
NOISE OF THE TRANSISTOR 
5- 1 Definition 
When designing an amplifier for very small signals , one can not 
neglect the noise produced by the transistor.  Noise , in broad sense ,  
can be defined as a:ny unwanted disturbance that obscures or interferes 
with a signal . Noise  in the transistor can be classified into three 
main types : thermal noise ,  shot noise ,  and 1/f noise.  
Thermal noise is  caused by the random thermally excited vibration 
of the electrons in a resistance . Whenever a resistance is at a tem-
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perature above absolut e zero , the electrons are in random motion . This  
instantaneous current fluctuation produces a thermal noise voltage 
across the terminals . According to Nyquist ' s  theorem, thermal noise  
can be expressed as 
Enth =.J 4kTRl.U ( 5- 1 ) 
where : k = Boltzmann ' s  constant = 1 . 38 x 1 0-23 watt-sec/degree . 
T � temperature of resistor in degrees Kelvin . 
A f = equivalent noise bandwidth of the measuring system in Hz . 
R = resistance in ohms . 
Since there is base resistance between the base contact and the active 
base region in the transistor , this resis+,ance produces thermal noise . 
In tubes , transistors and diodes there is  shot noise .  This is  due 
to the fact that the total current in these devices is not smooth and 
continuous . It is  the sum of pulses of current caused by the flow of 
carriers each with one electronic charge . The value of the ·shot noise 
current is given by 
')'j 
Insh =.j 
2q IDC A f 
( 5-2 ) 
where : q = electronic charge , 1 . 6 x 10
- 1 9 coulombs . 
1nc de flowing in amperes . 
A f = noise bandwidth in Hz . 
There are two descriptions of shot noise in transistors as discussed by 
Van der Ziel . 5 One i s  that the current flowing in p-n junct ions is  due 
to the injection of minority carriers into the bulk region and their 
subsequent diffusion and recombinat.ion. The accurate way of describing 
the noise would be to introduce diffusion noise sources and generation-
recombination noise sources for the minority carriers ; another descrip-
tion represents the current as the passage of carriers across  barriers , 
and since this constitutes a series of independent random events ,  one 
can expect full shot noise . 
1 /f noise has the spectral density of increasing without limit as 
frequency decreases . According to Fonger,
5 
there are two types of 1 /f 
noise , both with a low frequency spectrum:  surface noise and leakage 
noise . Surface noise result s from the fluctuating ·of minority carriers 
disappearing at the surface ;  this causes a fluctuating current to flow 
across the junction ( or junctions ) and it modulates the series resis­
tance of the junction ( or junctions ) . Leakage is caused by a thin 
conduct ing film bypassing the junction ; it occurs at the perimeter ·of 
the junction and gives rise  to a de leakage current and a leakage con-
ductance ,  which increase strongly with increasing bias . Spontaneous 
fluctuations in this leakage conductance can cause leakage noise . 
ov 
In addition to thermal noise ,  shot noise,  and 1/f noise , many 
silicon transistors , especially those of the planar-diffused type , show 
a type of low frequency noise known as burst or popcorn noise .  This  
noi se consists typically of random pulses of variable length. The 
source of burst noise  i s  not clear at present , but it s eems to be  
associated with shallow , heavily doped emitter junctions . It i s  be-
lieved that the appearance and disappearance of noise pulses is  
associat ed with a s ingle trap in the space-charge region . 
5-2 Equivalent Noise  Model 
In the previous section ,  transistor noise is discuss ed .  These 
noise mechanisms can be shown in the hybrid-Tl' model of Fig. 5- 1 . In 
this figure , the base resi stance rb is split into two parts rb1  and rb2 ; 
the 1 /f noise source If and the shot noise Ib are in parallel with the 
resistance �d ' and the burst noise Ibb is located much closer to  the 
input t erminals . � is  the thermal noise of the base resistance rb , 
and I is  the shot noise of  the collector current . c 
The amount of thermal noise and shot noise can be determined 
theoretically, but 1 /f noise  and burst noise must be determined by 
measurement . For measurement simplicity, all the noise mechanisms may 
be referred to the input port . We define an equivalent input noise  
voltage Eni • Fig. 5-2 shows input port noise quantities . We can write 
( 5-3 ) 
where E i s  the equivalent input noise voltage parameter of the tran­n 
sistor , I is the equivalent input noise  current parameter of the tran­n 
sistor ,  RS is the source resistance,  and 
Enth is . the thermal noi s e  of 
the source resistance .  S inc e no i s e  paramet ers E and I may not b e  
n n 
complet ely independent , a correlat ion coefficient C is introduced in 
the equation .  Because C i s  z ero over mos t  o f  the frequency range , it 
usually can be neglect ed . 
When all the noise  mechan i sms are referred to the input , the 
measuring system becomes noise free.  We can draw an · equival ent noi s e  
model as shown in Fig. 5-3 . Thi s i s  a universal no i s e  model for any 
four t erminal netwo rk , it can be applied to active as well as pas s ive 
networks . The value of E . is det ermined as fol lows : with the signal ni 
source connect ed at t erminals A and B in Fig. 5-3 , measure the voltage 
at output t erminals C and D .  This value will give the system gain . 
Then disconnect the s ignal s ourc e and (3hort circuit A-B , measure the 
output voltage . Thi s  is the equivalent output noise voltage of the 
system.  Dividing the total equivalent output noise voltage b y  the 
system gain , we obt ain the equival ent input noise voltage E . • . The . ni 
value of E . is distinct for different source resistance values , as we 
ni 
can see from Eq . ( 5- 3 ) .  
5-3 Noi s e  Measurement Method6 
There are two general t echniques for noi s e  measurement . One i s  
the sine wave generator method , and the other is the noise generator 
method . The second method needs a· ca1 ibrat ed . broad�b�nd noi s e  genera-
. . 
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tor,  while the first one uses general laboratory inst rum ent s ,  which . are 
available at South Dakota St at e Univers ity, and is more app lic ab l e  at 
low frequencies . Therefore , only the sine wave generat or metho d  i s  di s-
cussed in this sect ion . 
* ' C  d 
E E 
Fig. 5- 1 . Low frequency hybrid-pi noise model .  
E 
---- * --------n 
Fig. 5-2 . 
:s 
Configuration of E . •  
ni 
Noise free 
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Fig. 5-3 . Equivalent noise model. 
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The procedure for the sine wave generator method of noise  measure-
ment is : 
1 . Measure the total equivalent output noise voltage E with a 
no 
specific source resistance while the signal source t erminal is 
short circuited . 
2 .  Measure the output signal voltage E with the same source 
0 
resistance and det ermine the system voltage gain K
t 
by dividing 
the output signal voltage E by the signal source voltage E • 
0 s 
Calculat e the equivalent input -noise voltage E . by dividing ni 
the output noise  voltage E with the syst em voltage gain Kt . no 
The circuit diagram of the noise measurement is shown in Fig. 5-A .  Let 
us go through the circuit diagram stage by stage . 
1 .  Signal generator : The input signal generator is a sine wave 
oscillator. GR type No . 1 2 10-C RC oscillator is used and disconnect ed 
before making noise measurements .  
2 .  Attenuator : In order to avoid overdriving the super-beta 
transistor amplifier , an attenuator is needed. The attenuator serves 
two functions : it reduces the oscillator signal by a known factor and 
it provides a low impedance voltage source for meas�ring the amplifier 
gain . The values of R1 and R2 resistors are shown as 10 .  7 k.n and 28 . 7!2. 
3 .  Voltmeter : This i s  a broadband ac voltmeter used to measure 
the signal voltage E • HP type 400E ac voltmeter which has a nominal s 
bandwidth of 10 MHz is  used . For noise measurement , the voltmeter is  
replaced by a shorting plug. 
4.  Source resistor - R8 : To measure the noise of a transistor, 
a resistor RS equivalent to the source resistance is required . Low 
Generator I At t enuator I Voltmet er 
Signal f\J 
ge:qerato 
R1 (
10 . 7k 
R2 
( 28 . 7!2) 
� Volt� 
fmet er I 
Source 
resist or . 
RS . 
Test 
circuit 
A 
Wave analyz er 
or B 
-
.... 
Filt er 
Fig. 5-4. Noise measurement instrumentation . 
True 
RMS 
voltmet er 
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noise thin-film type resistors are used. 
Eq . ( 5-3 ) indicates that the total equivalent input noise  voltage 
Eni depends upon the source resistance RS . If the source resistance is  
made zero or  very small , the terms Enth
2 and In
2R8
2 will be zero or 
very small . The total equivalent input noise voltage E . is  the equiva­ni 
lent input noise voltage parameter E • If the source resistance  i s  . n 
made very large ' the t erm In
2RS
2 
will dominate ,  because Enth
2 is  propor-
t ional to resistanc e while the I 2R 2 t erm is proportional to the n S 
square of resistance .  Since E . is  mostly the I RS t erm,  dividing by ni n 
RS will give the equivalent input noise current parameter In . Therefore , 
. to determine E , measure the total output noise with a small source n 
resistance,  while for I , measure the total output noise  with a large n 
source resistance.  In this measurement , the values are chosen as 
6 . 8 1 !2  and 1 MS2. 
5 .  Transistor t est circuit : The transistor under t est is connec-
ted as an amplifier .  The s ine wave generator method applies equally 
well for measuring the noise  of a single transistor,  an int egrat ed 
circuit , or a complet e  amplifier.  When measuring noise over a wide 
range of collector currents and frequencies , biasing becomes a problem. 
The low-noise biasing method is discussed in the next section . 
Careful packaging of the test circuit is important . As a rule of 
thumb , construct the t est circuitry as compact as possible and place it 
in small shielded box . There is  a positive correlation between the 
" ft " 
size of the box and pick-up noise .  It is shown that 2 x 3 x 5 cast 
aluminum boxes do a very good job of shielding. In this measurement , 
attenuator, source resistance and test circuit are all connected on the 
same circuit board, which can be put inside the shielded box . l3NC 
connectors are used as the output terminals from the shielded box . 
6 .  Preamplifier : Frequent ly, the output of the test stage will 
be as low as 20 nanovolt s .  Since wave analyzer and voltmeter require 
several microvolt s ,  a low-noise decade amplifier with a gain of 1 0  or 
100 after the t est stage is needed . HP type 465A decade amplifier with 
gain of 20 dJ3 or 40 dB and output noise less than 20 microvolts is used . 
Ideally, the noise of the decade amplifier will not contribut e to 
the noise of the transistor under test . - However , when the test stage 
gain is low there may be additional noise .  To test for added noise ,  
replace the power supply connection of the test circuit with a shorting 
plug. The readings on the wave analyzer or voltmeter will be the output 
noise of the decade amplifier and wave analyzer or the filter and volt­
meter. These values can be substracted as the difference of the 
squares from the total output noise . The results will be the equivalent 
output noise of the test circuit . The added noise has to be measured 
at each test frequency. 
7 . Wave analyzer:  For spectral or  spot noise measurement , band­
width limiting is required . The noise is measured in a specified 
noise bandwidth �f.  Two methods of  noise  measurement are illustrated 
in Fig. 5-4 as paths A and B .  Path A uses a wave analyzer with band­
width of several Hert z for narrow-band noise measurements ,  and path B 
uses a filter and voltmeter for broad-band noise measurement s . Type 
GR 736A wave analyzer with noise bandwidth of 4 Hz is used. 
We know that every frequency component of a noise waveform is 
randomly occuring with a random amplitude . It is shown in Reference [7] 
that the measurement error er is inversely proport ional to the s quare 
root of bandwidth and t ime constant : 
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O" = 1 /J2'T'6. f ( 5-4) 
where : O" = the error in measurement = rins fluctuat ion divided by the 
average value . 
'T = time constant . 
� f = no i s e  bandwidth .  
This equat ion says that the longer the int egrat ion t ime and the wider 
the bandwidth ,  the less wi ll be the error in measurement . For the same 
level of accuracy , a narrow-band measurement requires longer averaging 
time than a broad-band measurement does . Therefore , when the wave 
analyzer i s  used to measure the output noi s e ,  the output met er has 
large fluctuat ions which make it hard to read. In order for the met er 
to be readable ,  time-const ant of the meter must be increased . The most 
common way to obtain a long t ime-constant is to paral lel the met er with 
.
a capacit-or. A low leakage t antalum electrolytic capacitor is prefer­
abl e .  I t  is found that when a 3 300 µF capacitor parallels the met er , 
the needle fluctuat es slowly and the value i s  readable . Since the 
met er readings are average values an ac voltmet er is us ed to calibrat e  
the syst
.
em when measuring the syst em gain . Th e  correction factor o f  
the met er i s  found to be 1 . 02 2  to change the average readings t o  rms 
values . 
a .  Filt er : In broadband noise measurement , a bandpass fi lt er 
det ermines the no ise bandwidth of the syst em .  The 4efinition of noise 
bandwidth and how to det ermine it  wil l  be discus sed in the following 
section. A KROHN-HITE so lid- stat e  variable filter is us ed as a band-
pass filter in the research discussed here . 
9 .  AC voltmeter : A typical voltmeter is designed to measure 
constant amplitude , repeated waveforms . It is calibrated to indicat e 
the rms amplitude of a sine wave, but does not usually respond to the 
rms value of the input waveform. When such a voltmeter measures noise , 
the waveform of which is neither sinusoidal nor constant amplitude , 
errors will arise . - Therefore ,  to measure noise accurately requires 
three properties : the meter must respond to the noise power ; it must 
have adequate bandwidth and crest factor . Crest factor is defined as 
the ratio of the peak value to the rms value of a signal . A true rms 
voltmeter is  designed under these three conditions to indicate true rms 
value . HP type 3800 true rms voltmeter is  used in this research . 
5-4 Low-Noise Biasing 
Biasing requires setting the proper de voltages and currents in 
the circuit . These bias elements can add noise . Now let us discuss 
the method of biasing so that the biasing components do not add noise .  
Fig. 5-5 shows the biasing of the super-beta transistor. .The 
emitter bias resistor RE helps to set the desired emitt er current . 
Also , it can maintain the de emitter current despite changes in t empera­
ture and �· Since this is a test circuit , stability is not a very 
important problem .  For emitter current between 0 . 0 5  mA to 0 . 2  mA ,  RE 
is 7320 ohms � while between 0 . 4  mA to 0 . 8  mA, � is  4420 ohms . Base 
bias resistors RA and � form a divider to hold the base voltage fixed . 
As the base current of the super-beta transistor is very small ,  RA and 
� are chosen to be of equal value , 62 . j  k.Q. The value of RI determines 
the input resistance of the amplifi er circuit , .becaus e that res ist ance 
is � paral leled by the input resistance of the transi stor it self. 
2 KO. i s  s elect ed in order to maintain the high input resistance level . 
Capacitor CB i s  used to bypass the noi s e  generat ed by � and �· The · 
reactance of CB must be small at the lowest frequency of int erest in 
order to att enuate the noi s e .  Th e  value cho sen i s  220 µF. · The capaci­
tor CE is cho s en as 200 p..F to bypas s the noi s e  of � and maintain suffi­
c ient gain . � has two nois e  component s :  thermal noi s e  of it s resist­
ance and excess current noi s e .  In order t o  maintain the biasing of the 
t ransistor, capacitor CC is us ed to block the de bas e current . It s 
value must be large enough so that it wi ll not limit low frequency 
respons e .  In other words , the reactanc e o f  the capacitor Xe mus t  b e  
less than the sum o f  source resi stance R5 plus amplifi er input res i stanc e  
Rin at the lowest frequency. An electrolytic capacitor c an  not be us ed ,  
because it s l eakage current i s  comparable t o  the bas e current o f  the 
super-beta transistor . Therefore , a paper type capacitor of 0 . 22 _ µ.F is 
used in this res earch . 
5-5 Noi s e  :Bandwidth Measurement 
Noi se bandwidth A f  i s  not the same as 3 dB signal bandwidth . 
Noi s e  bandwidth is the total int egrat ed no i s e  respons e whil e  the signal 
bandwidth refers to the voltage gain roll-off frequency. In effect , 
there i s  one bandwidth for signal responce and another for noi s e .  
Noi s e  bandwidth A f  i s  the frequency width o f  an _ equal area rectan­
gular shaped power trans fer funct ion of the syst em .  I n  other words , 
noise bandwidth is equal to the area under the power gain curve divided 
RA ( 62 . 1k.n) 
R1( 2Mn) 
c 
0 } 
(0 . 2µF) 
� CB ( 62 . 1ki2 ( 220µF) -
Fig. 5-5 .  Biasing of super-beta transistor . 
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by the amplitude of the curve at the midband frequency f • 
0 
. 
{ro t>. f  = �' 0 G( f)  df ( 5-5) 
where : A f = noise  bandwidth in Hz , G( f)  = power gain at any frequency 
f ,  G ' = power gain at f 
0
• Since the power gain is prop.ortional to the 
network voltage gain squared, noise  bandwidth 6f is also : 
A f = 1 -1� 2( f) df 
A 2 v 
VO 0 
( 5-6) 
where : A ( f) = voltage gain as a function of frequency, A = .voltage v w 
gain a.t f • 
0 
In general , the mathematical voltage gain function A ( .f) is un­v 
known; a graphical method is . frequently used to determine the noise  
bandwidth . Fig.  5-6 shows the way of determining the nois e  bandwidth . 
It is the plot o.f the gain function of a typical broadband amplifier. 
To graphically determine the nois e  bandwidth, plot the power or voltage 
squared system gain versus frequency on a linear scale ,  and make a 
rectangle with the same maximum. The area of the rectangle is  equal to 
the area under the power gain curve. Then ,  the bandwidth .from zero to  
Af is the noise bandwidth . In Fig. 5-6 we know that the sharper the 
amplifier ' s  roll-o.ff , the narrower the noise  bandwidth .  
5-6 Broad-band Noise  Measurement 
Noise can be measured at one frequency or over a .frequency band as 
mentioned in Sec .  5-3 , using wave analyzer or filt er - arid ac voltmeter. 
Narrow-band noise  or nois e  spectral density is used for analysis while 
broad-band noise indicates  total system performance . In this section, 
broad-band noise of the super-beta transistor is discus s ed first , and 
the narrow-band noi s e  will be discus sed in the next s ect ion . As shown 
in Fig. 5-4 , when path B i s  s e l ected ,  the syst em measures the broadband 
noise . Thi s i s  the easier and more accurat e noise measurement ; it 
indicat es the actual performance of a transistor , an amplifier or a 
syst em . 
In broadband noise measurement , the bandwidth of the s ystem is 
det ermined by the t esting circuit or the fi lt er , depending upon whether 
the bandwidth of the filt er is great er or less than the bandwidth o f  
the t esting circuit . Two different filt er bandwidths are used to 
measure the noise o f  the super-bet a transistor . One i s  from 20 Hz to 
1 00 kHz , another i s  from 20 Hz to 1 kHz . · With 100 kHz bandwidth measure­
ment , the fi lt er bandwidth is larger than the bandwidth of the t est ing 
circuit . The noi s e  bandwidths are det ermined graphically as not ed in 
Sec . 5-5 .  Figs . 5-7 and 5-8 show the graphical determinat ion o f  the 
noi s e  bandwidths of the syst em us ing type IT1 2 4  and PR1 super-beta 
transi stors at different source resistance values . We find from the 
graph that the noi s e  bandwidths are dependent upon source resistanc e .  
Three different super-beta transi stors of the same .type have been 
measured . We call them No . 1 ,  No . 2  and No . 3 .  The result s are shown in 
Figs . 5-9 , 5- 1 0 , 5 - 1 1 ,  and 5- 1 2 . With 1 kHz bandwidth , the filt er 
bandwidth is smaller than that of the test circuit . Since t he att enua­
tion of the filt er is 24 dB p er octave beyond the cut-off frequency, 
the noise bandwidth approximat e ly equals 1 kHz·. This i s  also checked 
by the graphical method and found to be true . 
A plot of equivalent input nois e  voltage versus source res i st ance 
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with two different bandwidths , for three different super-beta t ransis-
tors of type IT 1 24 ,  is  shown in Fig. 5-1 3 ,  and Fig. 5- 1 4  for t ype PR1 
super-beta transistors . The bias of these transistors is s et close to 
VC = 1 . 0 V, IC = 0 .
10 mA. 
Fig. 5- 1 5  shows the equivalent input noi s e voltage versus emitt er 
current at different source resistance of type IT1 24, No . 1 , super-bet a 
t ransistor . These curves show that there i s  no opt imum emitt er current 
in order t o  bias the super-beta t ransistor for low noi s e  performance .  
5-7 Narrow-Band No ise Measurement 
To specify the noi s e  o f  � transistor for the design of an ampli-
fi er , the · noi s e  spectral density i s  a useful tool . Noi s e  spectral 
density means the noise in one Hertz bandwidth . It is found by dividing 
the rms noise vo ltage by the square root of the bandwidth .  A wave 
analyzer with a narrow bandwidth of s everal Hertz c� be used to measure 
the noi se cent ered at a part icular frequency. ?ividing thi s no i s e  
voltage by the square root of it s bandwidth gives the noi s e  spectral 
density. The noi s e  spectral density i llustrat es the relat ive effects 
of low versus high frequency noise and helps to s eparat e the contribu-
t ions of the noise mechanisms . Two noi s e  paramet ers E and I are 
n n 
measured for analysis of· the noise of the super-beta trans i stors . As 
ment ioned in S ec . 5-3 ,  the values of E and I are det ermined at low 
n n 
and at high source resist ance values . 
Figs . 5- 1 6  and 5- 1 7  are the plot s of equivalent -input noi s e  volt-
age spectral density versus frequency of type IT 1 24 and PR1 super-bet a 
transistors . Both types o f  super-beta transistors behave the same . 
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At high frequencies , these transistors have a flat noise spectral 
density.  This represents the thermal noise and shot noise  of the 
transistors . As we can see from Eqs . ( 5- 1 ) and ( 5- 2) ,  these mechanisms 
have equal noise  power in each Hertz of bandwidth. · But at low freque�-
cy, the Enij;\:: value increases , at a rate that is inversely proportional 
to the frequency. This  is the 1 /f noise of the transi stor. The fre-
quency corner of type IT1 24 super-beta transistor is about 1 00 Hz , 
while that of type PR1 super-beta transistor is 200 Hz � As compared 
with the low noise bipolar transistor, -we find that the super-beta 
transistor has larger equivalent input noise voltage spectral density 
and a sharper slope at low frequency. 
The plots of equivalent input noise c�rent spectral density 
versus frequency for type IT1 24 and PR1 super-beta transistors are 
shown separately in Figs . 5- 1 8  and 5- 1 9 .  We also find that when · 
frequency decreases , the equivalent input noise current spectral 
density increases . This is  due to the 1 /f noise of the transistor . 
These super-beta transistors have smaller Inf.;;c values than the low 
noise bipolar transistor . 
In Fig. 5- 1 8 ,  we find that the No . 2  IT1 24 sup�r-beta transistor 
has much larger I 2/Hz values than the other two super-beta transistors . n 
It is clear that there is  additional noise in this unit . It might be 
burst noise,  or it might be that the base-emitter junct ion of the 
super-beta transistor is avalanched , due to  a turn-on or signal tran-
sient . When the base-emitt er junction · is avalanched, the noise  may 
increase by 1 0  t imes . In order to find the difference ,  two pictures 
are taken from the scope using the KROHN-HITE fi_l t er. Fig. 5-20 is 
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taken from No . 1  IT1 24 super-beta transistor, and Fig. 5-2 1 is  taken 
from No . 2  IT1 24 super-beta transistor. Both transistors are operate<i. 
at the same conditions , and we find that No . 2  IT1 24 super-beta transis­
tor does have larger noise  amplitude • 
• 
Fig.  5-20 . No i s e  amplitude of IT 1 24 ,  No . 1  super-bet a  transi stor 
at Ve 1 . 0 v ,  IC • 0 . 1 0 mA, R5 • 1 11.a. Fi lt er 
bandwidth : 20 Hz to 100 kHz . Horizontal scal e :  
0 . 2  msec/div. Vert ical scal e : 0 . 1 0  V/div . 
I 
. ,, r. � . 
ig. 5- 2 1 . �oi s e  amp litude of IT 1 24 ,  No . 2  super-beta t rans i st or 
at Ve • 0 . 9 2 V,  I C  = 0 . 1 0 3  mA ,  Rs =  1 0. Fil t er 
bandwidth : 20 Hz to 1 00  kHz . Hori zont al scal e :  
0 . 2  msec/div. Vert ical scal e :  0 . 1 0 V/div . 
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CONCLUSIONS 
As a result of  this investigation, the following conclusions can 
be reached regarding super-beta transistors . 
1 .  Not only does the super-beta transistor have very high current 
gain , it also has very high input resistance.  In order to  
obtain the high current gain performance ,  it  is recommended 
that the operating collector current be below 1 40 µA. This 
low current is preferable in the input stage of an operational 
amplifier·. 
2 .  A small signal h-parameter analysis o f  super-beta transistors 
is present ed . It is found that this transistor has more than 
t en times the short-circuit current gain hfe and one hundred 
times the input resistance hie of the common bipolar tra.nsis-
tor. The other two parameters , h and h , are slightly oe re 
larger. The values of parameters hfe and hre decrease as the 
collector current increases . This is opposit e  to the normal 
behavior of bipolar transistors . 
3 .  \Yhen the super-beta transistor i s  connected as an amplifier, 
it exhibit s  normal voltage gain , very high current gain, high 
input resistance and output resistance in the range of kilo-
ohm. The transistor has limit ed high frequency performance ;  
it c an  not b e  operat ed above several hundred kilo-Hertz .  
4. Since the super-beta transistor has very high input resistance,  
the discussion of transconductance is quite interest ing. It 
was shown that the gm value remains constant up to sever�l 
mega-Hertz ,  and the phase 8...ngle changes from 1 80 degrees to 
1 30 degrees in this frequency band . 
5 .  Because the super-beta transistor operates at low voltage 
levels , it can not be used as a power amplifier . The linear 
region oC the amplification of the transistor for . the input 
base-to-emitter rms signal voltage limited to below 1- 2 mV. 
Beyond this value , the transistor small-signal parameters no 
longer apply. 
6 .  The super-beta transistor has larger equivalent input noise 
voltage parameter E and smaller equivalent input noise n -
current parameter I than the low noise bipolar transistor .  n 
The 1 /f noise of this transistor is quite prominant . 
7 .  It i s  interesting t o  observe that there i s  some kind o f  burst 
noise in one of the super-beta transistors under t est . This  
is  apparent for a source resistance of  1 MQ. This transistor 
shows higher values of - equivalent input noise current spectral 
density. 
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